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Supercritical  fluids  or  dense  gases  have  shown  themselves  to  be  flexible  solvents  in  extraction  and 
separation  processes.  This  flexibility  is  derived  from  a  combination  of  physical  properties.  A 
supercritical  fluid  has  mass  transfer  characteristics  similar  to  a  gas  (low  viscosities)  and  densities 
(solvent  properties)  similar  to  a  liquid.  Solvent  strength  of  a  supercritical  fluid  is  a  function  of 
pressure  and  temperature.  Both  of  these  parameters  are  easily  controlled,  which  leads  to  enhanced 
efficiency  in  extraction  cm-  separation  processes  for  thermally  labile  and/or  non-volatile  systems. 

The  main  thrust  of  research  conducted  under  this  grant  was  the  study  of  supercritical  fluids  as 
applied  to  chromatography  and  mass  spectrometry.  Supercritical  fluid  chromatography  (SFC) 
takes  advantage  of  the  established  solvent  strength-density  relationship  coupled  with  the  enhanced 
mass  transport  properties  of  the  fluid.  Capillary  SFC  has  demonstrated  efficiencies  greater  than 
liquid  chromatography  with  reduced  separation  times.  The  use  of  a  supercritical  fluid  as  the 
transport  solvent  for  solute  introduction  into  the  ion  source  of  a  mass  spectrometer  takes  advantage 
of  lower  solvent  density  and  ease  of  solvent  vaporization  (many  commonly  used  fluids  are 
permanent  gases  at  ambient  conditions)  facilitating  solute  introduction  into,  and  greater 
compatibility  with,  the  high  vacuum  region  in  the  ion  source  of  the  mass  spectrometer.  The 


combination  of  supercritical  fluid  chromatography  and  mass  spectrometry  has  produced  a  new 
analytical  method  which  yields  specific  molecular  information  for  many  materials  which  are 
intractable  by  other  methods.  Thermally  labile,  and  less  volatile  solutes  have  been  demonstrated 
during  the  course  of  this  work  to  be  routinely  analyzed  by  SFC-MS.  The  extension  to  higher 
molecular  weight,  non-volatile  components  is  also  feasible  using  binary  fluid  solvent  systems  that 
are  chemically  tailored  for  the  specific  application.  Further  effort  is  required  in  this  area  to  extend 
SFC  and  SFC-MS  to  polar,  non-volatile  solutes,  and  a  proposal  has  been  submitted  for  such 
research. 

Supercritical  fluids  applied  to  SFC  and  SFC-MS  introduce  novel  solvent  properties  that  are  used  to 
create  enhanced  solute  separations  and  identification  in  these  analytical  methods.  One  goal  of  this 
program  was  to  greatly  extend  the  knowledge  of  possible  fluid  systems  and  elevate  solvent 
selection  to  a  more  systematic  level  as  well  as  provide  for  the  necessary  background  to  the 
development  of  capillary  columns  specifically  designed  for  a  range  of  supercritical  fluid  systems. 
The  major  tasks  of  this  program  involved:  (1)  the  development  of  a  rational  scheme  for  fluid 
selection,  particularly  for  more  polar  and  hydrogen-bonding  systems,  based  upon  established 
fundamental  and  empirically-developed  solubility  relationships,  (2)  investigations  relevant  to  the 
evaluation  of  the  stationary  phase  and  interfacial  kinetics  fundamental  to  the  chroma  cographic 
process,  and  (3)  the  continued  evolution  and  evaluation  of  direct  fluid  injection  mass  spectrometry 
and  capillary  SFC-MS. 

The  most  important  results  obtained  during  this  three-year  period  of  study  were:  (1)  the  ability  to 
qualitatively  predict  and  study  the  effects  of  solute  retention  using  polar  modifiers  to  enhance 
separations  and  decrease  retention  times;  (2)  the  capability  of  rapid  pressure  programming  in 
capillary  SFC  which  greatly  reduced  separation  times;  (3)  the  continued  evolution  and 
improvement  in  design  and  implementation  of  SFC-MS,  direct  fluid  injection-MS  interfaces  and 
capillary  flow  restrictors  leading  to  enhanced  detection  capabilities;  and  (4)  the  understanding  of  the 


effects  of  fluid  density  on  the  enthalpy  of  solute  transfer  in  SFC.  These  results  have  allowed  the 
chemical  tailoring  of  mobile  phase  interactions  between  the  solvent  and  solute  for  enhanced 
separations.  Most  importantly  the  results  on  interface  design  in  SFC-MS  and  DFI-MS  allow  these 
techniques  to  assume  an  important  role  in  the  characterization  and  analysis  of  thermally  labile,  non¬ 
volatile  components,  which  were  formally  intractable  by  other  methods.  Detailed  descriptions  of 
these  developments  have  been  given  in  papers  prepared  for  publication  during  the  course  of  this 
program. 
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